Background: Several studies have developed sex-specific reference percentile curves for body fat percentage in children to be adopted in clinical surveys.
Introduction
besity is a metabolic disorder determined based on the increase in Body Fat (BF) and considered as an important risk factor for several diseases (1) . The increase in global obesity rates has tripled over the last three decades, and this growth has occurred across all ages, genders, races, and ethnicities (2, 3) . Research has shown that on average, 43 million children aged <5 years are overweight worldwide, most of them live in developing countries (35 million vs. 8 million). Among school chil-O dren in North of Iran, the total prevalence of overweight and obesity (approximately 26%) is reportedly similar between boys and girls (3) . Lifestyle and socioeconomic status are the most important factors affecting obesity. Physical activity and dietary intake are the most important parts of lifestyle that regulate the use of body's energy in the prevention and treatment of obesity (4) (5) (6) (7) (8) . Body Mass Index (BMI) is widely used as BF indicator in most studies on overweight and obesity (9) .
Because the ratio of fat/lean tissue varies among people, the combination of height and weight in the form of BMI is not a suitable indicator to measure the amount of BF (10) . Moreover, BMI does not distinguish between excess fat mass and fat-free mass (3); thus, BF percentage (BF%) in obese children cannot be known through BMI screening alone (3) . Therefore, it is necessary to more accurately estimate the prevalence of childhood overweight and obesity and to take proper measures to reduce them because they can lead to health problems, such as cardiovascular diseases, hypertension, and diabetes (11) .
Evaluating the BF curve is one of the most important approaches for monitoring growth, evaluating physical health, and estimating BF in children without ruling out the influence of dietary patterns and cultural and social factors. Bioelectrical Impedance Analysis (BIA) can be a suitable tool to measure fat mass because it is cheap and simple to use. BF% higher than 85 th and 95 th percentiles is considered as overweight and obesity, respectively (12) . Despite the importance of regulating BF for physical well-being, limited data on BF% are available (13) , and to our knowledge, no research has been conducted so far in the Middle East and Iran for developing a BF curve; therefore, this study aimed to determine acceptable percentile curves for BF% in children to assess childhood obesity.
Methods
This cross-sectional (descriptive-analytical) study included 4083 students aged 7-11 years (1777 boys and 2306 girls) studying in primary schools (one to five grades levels) of Babol, Mazandaran Province, North of Iran. A multistage cluster sampling was conducted with the help of the Department of Education in Babol to prepare a list of urban and rural schools. Based on the geographical locations, six and five primary school pupils were selected as clusters. In addition, 14 rural schoolchildren of different grade levels were chosen according to geographical distribution, and then all children from each school were assessed based on anthropometric indices by a trained research team (Medical, Nursing, and Midwifery students), principals, and health teachers (14) .
Anthropometric parameters that were assessed included weight, height, and BF%. Weight was measured under standard conditions using Omron digital scale model BF-511 with a precision of 0.1 kg in the morning with light clothing before eating breakfast. A seca stadiometer with a precision of 0.1 cm was used to measure the height of students in a standing position without shoes. BIA, which is a safe, simple, quick, and relatively inexpensive method to measure body composition, especially in epidemiological studies (15) (16) (17) (18) (19) , was used to measure BF% with the analyzer Omron BF504.
In the BIA method, two electrodes are located on the dorsum of both feet and two electrodes on the dorsum of both hands; one electrode of each pair acts as the input and the other as the output. The resistance to electric current is then measured via these electrodes. Because lean tissue is a good conductor of electricity, people who store more fat have more voltage drop between the wrist and feet (18, 20) . Sex, age, height, and weight data of each person were entered in the scale, BF% was calculated using the data entered in the scale, and the amount of voltage drop was then used to plot BF% curves based on age and sex. All data were entered in SPSS-18 and were analyzed using descriptive statistics and the Independent sample t test. P value of <0.05 was considered as statistically significant. The plotted graphs were smoothed. Written invitations were sent to principals and parents of all schoolchildren to obtain their signed informed consent for participation in the study. The study protocol was approved by the Ethics Committee of Babol University of Medical Sciences.
Results
This study included 4083 school children (1777 [43.5%] boys and 2306 [56.5%] girls) aged 7-11 years from Babol City. The age of 13.4%, 24.6%, 25.2%, 21.4%, and 15.4% of school children was 7, 8, 9, 10, and 11 years, respectively. In general, BF% was significantly higher among girls in all age groups (P<0.05), except in the 7-year age group in which boys had a significantly higher BF% than girls (P<0.01) ( Table 1 ).
The results showed that the mean BF% was almost constant in boys from 7 to 8 years of age and that it significantly increased with age in 8 to 11 years old boys (P<0.001). The mean BF% in girls increased from 7 to 9 years of age and slightly decreased from 9 to 10 years (from 22.58%±8.50% at 9 years to 22.52%±8.11% at 10 years); it further significantly increased from 10 years (P<0.001) ( Table 2 ). The boys showed relatively flat 50 th percentile curve from approximately 20.0% BF over the entire age range, with a peak BF% of 22.50% at 11 years. The 50 th percentile curve of girls showed a different pattern with fluctuations, starting from 16.80% BF at 7 years to 25.50% BF at 11 years, with a peak of 22.05% at 9 years and a decrease (21.30%) at 10 years.
The 5
th percentile curve of boys decreased after 7 years of age, then increased till 9 years, and significantly reduced after 10 years of age (Figure 1 ). In contrast, the 5 th percentile curve of girls showed an upward pattern with a marginal decline in BF% after 10 years of age. The 95 th and 50 th percentile curves were similar in girls but showed different patterns in boys. The 50 th percentile curve of boys showed a marginally increase in BF% from 7 to 11 years of age, but the 95 th percentile curve showed a reduction in BF% at 8 and 10 years and a peak of 40.59% at 11 years ( Figure 1 ).
To define clinical cut-offs that are widely consistent with the BMI cut-offs, our current data were adapted using International Obesity Task Force-and World Health Organization-defined reference cut-offs, and the nearest BF percentile cut-offs were set. The 75 th and 85 th percentiles provided a close approximation to the overweight and obese boundaries.
Discussion
The findings of the present study showed that the mean BF% was not similar between North Iranian boys th percentile curve showed a slight increase in BF% in boys from 7 to 11 years of age, whereas the mean BF% increases in girls from 7 to 9 years of age and then slightly reduced with age from 9 years. Among 3 to 18 years old German children, Schwandt et al. reported that in contrast to our study results on girls, the BF% curve increased with age, whereas similar to our study results on boys, it increased from 5 to 11 years of age and then gradually decreased (20) . Moreover, 7 to 11 years old American boys and girls reportedly show a similar pattern of BF% curve, which increases with age (13) . In addition, a study on Turkish children indicated that BF% curve increases in boys from 7 to 10 years of age and then declines from 10 to 11 years of age, whereas the curve in girls shows incremental increases at a constant rate up to 11 years of age (21) . Boys and girls in southern England also show different BF% curves, with a trend of incremental increases at a constant rate in girls up to 10 years of age and boys up to 10 years of age, followed by a decrease with age (3).
Among Chinese children aged 6-18 years, Sung et al. found that the BF% curve is constant in boys across all age groups, whereas it shows an increasing trend in girls (22) . Kirang et al. reported that the pattern of BF% curve differs between Korean boys and girls, with fat mass showing a decreasing trend in boys and a gradual increase with age in girls (23) . The results of our study showed that the mean BF% was less in 7-year-old girls than in same-age boys, whereas it was constantly higher 7.00 8.00 9.00 10.00 11.00 7.00 8.00 9.00 10.00 11.00 in girls than in boys from 8 years of age. Ogden et al. found that the fat distribution pattern differs between American boys and girls, with BF% higher in girls than in boys in most age groups, which continuously increases with age in girls (24) . Similarly, in a study on children from Northern Greece, Papandrenu et al. reported that the BF% is permanently higher in girls than in boys across all age groups (25) .
A comparison with the percentile charts of British, Turkish, German, and American children revealed that in the 5 th percentile curves of boys and girls show a progressive trend in BF%. In general, the 5 th percentile curve is higher among north Iranian boys than among German boys, showing a progressive increase at 9 and 10 years. This curve is also similar to that of American boys with some differences: the curve of American boys increases gradually, whereas that of Iranian boys is higher at 9-10 years and then decreases to the minimum at 11 years.
The 5 th percentile curve of Iranian girls shows a different pattern, which is close to that of German girls; it starts with a lower BF% than that in the German curve at 7 years and then largely overlaps with it until 11 years of age. In addition, the 5 th percentile curve of Iranian girls is generally lower than that of Turkish and American girls (Figure 2a, 2b) . The 50 th percentile curve of Iranian boys is largely close to that of Turkish boys with minimum differences till 9 years of age. At this point, the curve of Iranian boys is higher than that of British, American, and German boys. Further, the pattern of the 50 th percentile curve of Iranian girls is different from that of British and German girls but similar to that of American girls. However, the 50 th percentile curve of American girls is significantly higher than that of Iranian girls (Figure 2c, 2d) . Furthermore, the 95 th percentile curve of Iranian and American girls showed similar patterns, with the American curve being marginally higher than the Iranian curve.
In general, Iranian girls have higher BF% than British, Turkish, and German girls, with different patterns of curves. The pattern of 95 th percentile curve of Iranian boys differed from that of Iranian girls as well as from that of boys of other countries. The 95 th percentile curves of boys from other countries (UK, US, Germany, and Turkey) show a consistent increase from 7 to 11 years of age with different slopes. Although the 95 th percentile curve of Iranian boys showed an upward trend overall, it declined from 7 to 8 and 9 to 10 years of age (Figure 2e, 2f ). The differences in the shape of BF percentile curves among different countries are due to genetic factors, lifestyle habits, ethnicity, different sampling methods, and the BIA model used, in addition to other unknown factors (22) .
Conclusion
In conclusion, this study provided reference BF% curves for Iranian children, which were found to be significantly higher than those for children from other countries. Reference percentiles, such as 85 th or 95 th percentile, may not be appropriate for use as overweight and obesity thresholds. However, different ethnicity, sampling methods, and BIA models result in different curves with different results that may not be interchangeable. Therefore, future research is warranted to identify reliable cut-off values.
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